ABSTRACT. A robust molecular marker is needed for discrimination of amphistome species, because identification based on morphology alone requires specialized knowledge and techniques. In this study, we performed morphological and molecular characterization of Explanatum explanatum, a species that causes severe liver damage in definitive host species. Fifty-five adult amphistomes were collected from cattle and water buffaloes in Myanmar. Eighteen of the amphistomes, arbitrarily chosen, were morphologically identified as E. explanatum using sagittal sections. All of the 55 amphistome isolates had identical second internal transcribed spacer (ITS2) of ribosomal DNA sequences; these sequences differed at 7 nucleotide sites from those of the closest species, Paramphistomum leydeni. Our data indicate that the ITS2 sequence could be a useful molecular marker for epidemiological studies on E. explanatum.
Amphistomes that have been detected in ruminants in the world comprise more than 70 species. Most of these species are pathogens that cause intestinal paramphistomiasis, in which the immature amphistomes cause the most serious morbidity in ruminants. Adult amphistomes of the genus Explanatum have been detected in the bile ducts of domestic ruminants where they inflict severe damage to the epithelium of the bile duct [2, 7, 10] . Explanatum amphistomes attach to the epithelium using the acetabulum (ventral sucker) and produce "granulomatous nodules" that are infiltrated by numerous inflammatory cells [3] . The infection causes substantial economic losses via increased mortality in affected domestic ruminants, reduction in growth rates and decreased production of dairy products. It is, therefore, very important to make an accurate diagnosis of infection with Explanatum amphistomes, as well as conducting epidemiological surveys to obtain a better picture of the infection dynamics of this species. Although diagnosis of amphistome infection relies on detection of parasite eggs during fecal examination, it is impossible to identify which species is present from morphological analysis of the eggs alone. Even when adult amphistomes are identified in infected hosts, morphological identification of the adults still requires specialized knowledge and techniques [9] . Therefore, identification of a reliable molecular marker for species identification is urgently required. Current molecular characterization methods facilitate accurate identification of parasitic helminths [1] . The second internal transcribed spacer (ITS2) of ribosomal DNA has been shown to be a useful genetic marker for species identification of amphistomes [4, 6, 8] . In addition, PCR amplification of DNA from individual eggs obtained from three amphistome species successfully generated ITS2 nucleotide sequences [4] . In this study, we performed a careful morphological characterization of Explanatum amphistomes collected from domestic ruminants in Myanmar, followed by molecular characterization of their ITS2 nucleotide sequences. for 18 amphistomes from 6 of the hosts. The samples were embedded in paraffin and stained with hematoxylin and eosin. Morphological identification was performed according to the existing keys described by Jones [5] at the genus level, and by Sey [9] at the species level. We measured body length and width together with the size of the internal organs using an optical microscope, and compared our observations to those of Sey [9] .
MATERIALS AND METHODS

Fifty
We performed a molecular analysis on the 55 amphistomes. Total DNA was extracted from individual amphistomes using a High Pure PCR Template Preparation Kit (Roche, Mannheim, Germany), according to the manufacturer's instructions. DNA was stored at −20°C until use. We used the acetabulum (ventral sucker) of the amphistomes without the uteri and ootypes to exclude sperm from other amphistomes. Deparaffinized acetabulum was used for the 18 amphistomes which were prepared for sagittal sections. DNA fragments of the nuclear ITS2 region, including partial 5.8S and 28S ribosomal RNA genes (442 bp), were amplified by the polymerase chain reaction (PCR) using ITS2-F (5'-TGTGTCGATGAAGAGCGCAG-3') and ITS2-R (5'-TGGTTAGTTTCTTTTCCTCCGC-3') primers. PCR was performed in a 25 µl reaction volume containing 2 µl of DNA template, 0.2 mM of each dNTP, 0.1 µM of each primer, 1.25 U of GoTaq DNA polymerase (Promega, Madison, WI, U.S.A.) and the manufacturer-supplied reaction buffer. The thermal program was 94°C for 90 sec, 30 cycles of 94°C for 30 sec, 63°C for 30 sec and 72°C for 1 min, and 72°C for 10 min. After purification using a High Pure PCR Cleanup Micro Kit (Roche, Mannheim, Germany), the nucleotide sequences of the ITS2 region (442 bp) were directly sequenced in both directions with a BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, Foster City, CA, U.S.A.). The sequencing reactions were run on a 3500 Genetic Analyzer (Applied Biosystems). A neighborjoining (NJ) phylogram was constructed by PAUP 4.0b10 [11] . The sequences of amphistomes deposited in GenBank were used as references. The ITS2 sequences were aligned using GENETYX ver. 10. 0. 2 (Genetyx, Tokyo, Japan). We deleted partial sequences of the ITS2 region from the NJ tree to include the shortest reference sequences (359 bp). Bootstrap analyses were conducted using 1,000 replicates.
RESULTS
We observed severe damage to the bile ducts of the infected hosts as previously reported [3, 7] ; this included clearly visible "granulomatous nodules" on the thickened epithelia where the amphistomes had attached by means of their acetabulums (Fig. 1) . In the sagittal sections, we observed that the Laurer's canal opened posteriorly to the excretory pore (Fig. 2) , thus the amphistomes were identified as belonging to the Paramphistominae subfamily. We observed that the acetabulum was enormous (Fig. 3A) , and the pars musculosa weakly developed (Fig. 3B) ; thus, the amphistomes were identified as belonging to the genus Explanatum. Further 
Total 55 18 Fig. 1 . A bile duct containing numerous amphistomes (A) and "dome-like protuberances" after removal of the amphistomes (B).
confirmation was provided by the terminal genitalium, which was the Explanatum type (Fig. 3C) ; thus, the amphistomes were identified as E. explanatum. The morphometric values for the 6 amphistomes (which were prepared well for measurement), are summarized in Table 2 . The remaining 12 amphistomes could not be measured, because some organs were missing from the sections. Although the morphological characteristics described above were completely identical to the existing keys [5, 9] , the morphometrical values of the amphistomes slightly varied from the morphological descriptions of Sey [9] . The nucleotide sequences of the ITS2 region (442 bp) had no variation within the 55 amphistomes isolated; thus, a representative sequence was deposited in GenBank (AB743577). The nucleotide sequences of the amphistomes in the NJ tree scarcely fell into a genus specific clade, making phylogenetic relationships among them impossible to infer from their ITS2 sequences alone. Nonetheless, the nucleotide sequence of E. explanatum was closest to that of the Paramphistomum leydeni sequence (HM209067) (Fig.  4) ; the sequences differed between these species at 7 nucleotide sites.
DISCUSSION
In this study, we performed a careful morphological characterization of amphistomes collected from cattle and buffaloes from Myanmar. This analysis showed they were all E. explanatum. However, the morphometric values we obtained were slightly different from Sey [9] . Values obtained from morphological measurements may vary as there are many factors that can affect such measurements, including amphis- tome age, fixation status (relaxed or contracted), and slight angle changes during preparation of the sagittal sections. It has been suggested, therefore, that species identification
should not be based on measurement values alone. According to Sey [9] , the genus Explanatum includes 2 additional species, E. bathycotyle and E. anisocotyle, which coexist [9] . ** Three eggs were measured per sample. with E. explanatum in Asian countries. The author describes that terminal genitalium is the Gracile type in E. bathycotyle, and that pharynx and acetabulum are very close together in E. anisocotyle. In this study, no amphistomes displayed any morphological characteristics of these 2 species. However, we doubt that it would be useful to include these points of differentiation for the 2 species, because these points might be affected by the factors described above (i.e., amphistome age, fixation status (relaxed or contracted), and slight angle changes during preparation of the sagittal sections). A further study of Explanatum amphistomes with different geographical origins would make a solution on our question. In this study, 55 amphistomes isolates displayed no variation in the ITS2 region (442 bp), and differed at 7 nucleotide sites from the closest species. Thus, the ITS2 region could be useful as a species identification marker for E. explanatum. It has been reported that the ITS2 region can be amplified from individual amphistome eggs [4] . Hence, the nucleotide sequence data obtained in this study have strong potential to play an important role in epidemiological studies on E. explanatum.
